





Development and Investigation of N≡W(OR)3, N≡M(OR)3, and Mo2(OR)6 Complexes 
for Triple-Bond Metathesis 
by 
 
Andrea M. Geyer 
 
 
A dissertation submitted in partial fulfillment 
of the requirements for the degree of 
Doctor of Philosophy 
(Chemistry) 













Assistant Professor Marc J. A. Johnson, Chair 
 Professor John Montgomery 
Professor Johannes W. Schwank 









Table of Contents 
 
List of Figures…………………………………………………………………………....xii 
 
List of Schemes………………………………………………………………………….xiv 
 
List of Tables…………………………………………………………………………...xvii 
 
List of Appendices……………………………………………………………………….xx 
 
List of Abbreviations……………………………………………………………………xxi 
 
 
Chapter One:  Overview of Triple-Bond Metathesis……………….……………………..1 
 
1.1  Introduction………………………………………………………………......1 
 
1.2  Early Heterogeneous and Homogeneous Catalyst Systems………….............2 
 
1.3  Development of Well-Defined Alkyne Metathesis Catalysts………………..3 
 
1.3.1   Tungsten-Based Alkylidyne Catalysts…………………………...3 
 
1.3.2   Molybdenum-Based Alkylidyne Catalysts……………………....5 
1.4  Recent Catalyst Synthesis Developments…………………………………....6 
 
1.4.1   Cummins………………………………………………………....7 
 
1.4.2   Fürstner………………………………………………..................7 
1.4.3   Moore……………………………………………………....….…8 
1.4.4   Schrock………………………………………………................10 
1.5  Mechanism……………………………………………...…………………..11 
 
1.5.1   Alkyne Metathesis………………………………………….......11 
iii 
 
1.5.2   Alkyne Polymerization………………………………………....12 
1.6  Electronic Influences……………………………………………....………..14 
1.7  Tungsten and Molybdenum Nitride Species………………………..............17 
1.7.1   Synthesis……………………………………………..................17 
1.7.2   Reactivity……………………………………..…………….…..18 
1.8  Converting Nitride and Alkylidyne Species……………………………......19 
1.9  References……………………………………………………….………….20 
 
Chapter Two:  Development of Nitrile-Alkyne Cross-Metathesis…………………..…..23 
 
2.1  Introduction………………………………………………………………...23 
2.2  Synthesis of Tungsten Nitride Complexes…………………………………24 
  2.2.1  Synthesis of [Li(dme)2][N≡W(OC(CF3)2Me)4] and  
    N≡W(OC(CF3)2Me)3(DME) .…………………….……………..25 
 
  2.2.2  Synthesis of [N≡W(OCMe2CF3)3]3……………….…………….28 
2.3  Synthesis of Tungsten Alkylidyne Complexes……………….……………29 
  2.3.1  Synthesis of Tungsten Alkylidyne Complexes:   
    RC≡W(OC(CF3)2Me)3(DME)…………………….…………….30 
 
  2.3.2  Synthesis of Tungsten Alkylidyne Complexes:  
    RC≡W(OCMe2CF3)3(DME)………………………..…………...31 
 
2.4  Reversible Alkylidyne and Nitride Complex Formation…………………..31 
2.5  Initial Discovery of Nitrile-Alkyne Cross-Metathesis…………..…………33 
2.6  Optimization of Nitrile-Alkyne Cross-Metathesis……….…………..…….35 
  2.6.1  Solvent Studies………………………………………….………35 
  2.6.2  Concentration Studies…………………………………….……..36 
  2.6.3  Catalyst Loading Studies………………………………….….…38 
iv 
 
  2.6.4  Influence of Temperature………………………………….….…39 
  2.6.5  Influence of 3-hexyne………………………………………..….40 
  2.6.6  Multivariable Studies………………………………………..…..40 
2.7  Catalyst Activity……………………………………………………………41 
2.8  Nitrile-Alkyne Cross-Metathesis to Afford Nitriles………………………..42 
2.9  Conclusions………………………………………………………………...44 
2.10  Experimental……………………………………………………………….46 
  2.10.1   General Procedures……………………………………………..46 
  2.10.2   Materials………………………………………………………..47 
  2.10.3   Catalyst Syntheses……………………………………………...47 
  2.10.4   Reversible Alkylidyne and Nitride Complex Formation  
     Reactions…………………………………………………….….54 
 
  2.10.5   Catalyst Comparison Reactions………………………………...56 
  2.10.6   Solvent Study Reactions………………………………………..57 
  2.10.7   Concentration Study Reactions…………………………………60 
  2.10.8   Catalyst Loading Reactions………………………………….…63 
  2.10.9   Temperature Study Reactions…………………………………..64 
  2.10.10  Influence of 3-hexyne Reactions……………………………….65 
  2.10.11  Multivariable Study Reactions………………………………….66 
  2.10.12  Catalyst Activity Studies………………………………………..68 
  2.10.13  Nitrile-Alkyne Cross-Metathesis to Afford Nitriles Studies…...69 






Chapter Three:  Mechanistic Investigations and Applications of Nitrile-Alkyne Cross-  
 Metathesis………………………………………………………...……..75 
 
3.1  Introduction………………………………………………………………...75 
3.2  
19
F NMR Investigations…………………………………………………….75 
3.3  Pathway Studies……………………………………………………………77 
  3.3.1   Nitrile-Alkyne Cross-Metathesis to form Unsymmetrical  
     Alkynes…………………………………………………………80 
 
  3.3.2   Nitrile-Alkyne Cross-Metathesis to form Symmetrical  
     Alkynes…………………………………………………………82 
 
  3.3.3   Alkyne Cross-Metathesis to form Symmetrical Alkynes………85 
3.4  Nitrile-Alkynes Cross-Metathesis versus Alkyne Cross-Metathesis for  
     Symmetrical Alkyne Formation………………………………………….87 
 
3.5  DFT Calculations of Nitrile-Alkyne Cross-Metathesis Mechanism…….....89 
 3.6    Preferential Alkyne Formation…………………………………………….91 
  3.6.1   Selective Formation of Symmetrical Alkynes……………….....92 
  3.6.2   Selective Formation of Unsymmetrical Alkynes……………….93 
 3.7    Substrate Scope…………………………………………………………….94 
  3.7.1   Catalyst Deactivation Modes…………………………………...96 
 3.8    Applications………………………………………………………………..97 
  3.8.1   Preparative Scale Reactions…………………………………….97 
  3.8.2   Macrocycle Formation……………………………………….....98 
 3.9    Conclusions…………………………………………………………….…100 
 3.10  Experimental……………………………………………………………...101 
  3.10.1   General Procedures……………………………………………101 
  3.10.2   Materials………………………………………………………102 
vi 
 
  3.10.3   High Temperature 
19
F NMR Studies………………………….103 
  3.10.4   Metalacycle Formation Reaction for Pathway Study  
  Reference………………………………………………….…..104 
 
  3.10.5   Pathway Study Reactions with N≡W(OCMe(CF3)2)3(DME)…104 
  3.10.6   Pathway Study Reactions with  
  EtC≡W(OCMe(CF3)2)3(DME)………………………………...107 
 
  3.10.7   Pathway Study Reactions with  
  4-MeOC6H4C≡W(OCMe(CF3)2)3(DME)……………………..111 
 
  3.10.8   Pathway Study Reactions with  
  4-F3CC6H4C≡W(OCMe(CF3)2)3(DME)………………………113 
 
  3.10.9   Pathway Study Reactions with [N≡W(OCMe2CF3)3]3………..115 
  3.10.10  Pathway Study Reactions with EtC≡W(OCMe2CF3)3………...118 
  3.10.11  Pathway Study Reactions with  
  4-MeOC6H4C≡W(OCMe2CF3)3……………………………….121 
 
  3.10.12  Pathway Study Reactions with  
  4-CF3C6H4C≡W(OCMe2CF3)3…………………………….…..122 
 
  3.10.13  Attempted Hammett Studies…………………………………..124 
  3.10.14  Alkyne Metathesis versus Nitrile-Alkyne Cross-Metathesis  
  for  Formation of Symmetrical Alkyne…………..……………125 
 
  3.10.15  Preferential Formation of Symmetrical Alkynes……………...126 
  3.10.16  Preferential Formation of Unsymmetrical Alkynes…………...127 
  3.10.17  Substrate Compatibility Studies with  
  N≡W(OCMe(CF3)2)3(DME)…………………………………. 130 
 
  3.10.18 Substrate Compatibility Studies with [N≡W(OCMe2CF3)3]3….135 
  3.10.19  Independent Syntheses of Unsymmetrical Alkynes…………..139 
  3.10.20  Large Scale Reactions ………………………………………...140 
 3.11  References………………………………………………………………...143 
vii 
 
Chapter Four:  Interconversion of Mo2(OR)6 and RC≡Mo(OR)3 Complexes………….144 
 
 4.1    Introduction……………………………………………………………….144 
 4.2    Molybdenum Alkylidyne Syntheses……………………………………...145 
4.2.1   Syntheses of RC≡Mo(OCMe2CF3)3(DME) (R=alkyl, aryl)    
  Complexes and EtC≡Mo(OC(CF3)3)3(DME) (4.2)……..……..145 
 
  4.2.2   Syntheses of EtC≡Mo(OCMe3)3.........………………………...148 
 4.3    Syntheses of Mo2(OR)6 Complexes………………………………………149 
  4.3.1   Syntheses of Mo2(OCMe2CF3)6 and Mo2(OCMe(CF3)2)6…….150 
4.3.2   Attempted Syntheses of Mo2(OC(CF3)3)6……………………..150 
 4.4    Formation of Mo2(OR)6 Complexes from RC≡Mo(OR)3………………...151 
 4.5    Alkyne Metathesis with Mo2(OR)6 Complexes…………………………..153 
  4.5.1   Solvent Studies………………………………………………..154 
 4.6    Formation of RC≡Mo(OR)3 from Mo2(OR)6 Complexes………………...156 
  4.6.1   Mo2(OCMe3)6 as a Precursor to RC≡Mo(OR)3……………….156 
  4.6.2   Mo2(OCMe2CF3)6 as a Precursor to RC≡Mo(OR)3…………...159 
  4.6.3   Mo2(OCMe(CF3)2)6 as a Precursor to RC≡Mo(OR)3…………162 
 4.7    N≡Mo(OR)3 Complexes as Precursors to Mo2(OR)6…………………….162 
 4.8    Conclusions……………………………………………………………….163 
 4.9    Experimental……………………………………………………………...165 
  4.9.1   General Procedures……………………………………………165 
  4.9.2   Materials………………………………………………………166 
  4.9.3   Alkylidyne Complex Syntheses……………………………….167 




  4.9.5   Formation of Mo2(OR)6 Complexes from RC≡Mo(OR)3  
  Precursors…………………………………………………..….174 
 
  4.9.6   Alkyne Metathesis Solvent Studies with Mo2(OR)6  
  Complexes………………………......…………………………176 
 
  4.9.7   Formation of RC≡Mo(OCMe3)3 from Mo2(OCMe3)6………...177 
  4.9.8   Formation of RC≡Mo(OCMe3)3 from Mo2(OCMe3)6 and  
  DME…………………………………………………………...179 
 
  4.9.9   Formation of RC≡Mo(OCMe2CF3)3 from Mo2(OCMe2CF3)6...181 
4.9.10   Formation of RC≡Mo(OCMe2CF3)3 from Mo2(OCMe2CF3)6  
  and DME………………………………………………………183 
 
  4.9.11   Attempted Formation of RC≡Mo(OCMe(CF3)2)3 from  
  Mo2(OCMe(CF3)2)6……………………………………………186 
 
  4.9.12   Decomposition Studies of N≡Mo(OR)3 Complexes…………..187 
  4.9.13   Synthesis of 1-(4-biphenyl)-1-butyne…………………………188 
 4.10  References………………………………………………………………...189 
 
Chapter Five:  Lewis Acid-Assisted Alkyne Metathesis Using N≡Mo(OR)3 and  
Mo2(OR)6 Complexes as Precatalysts…………………………………..190 
 
5.1    Introduction……………………………………………………………….190 
5.2    Formation of RC≡Mo(OR)3 Complexes from N≡Mo(OR)3 Complexes…191 
  5.2.1   Synthesis of RC≡Mo(OCMe(CF3)2)3 Complexes…………….192 
  5.2.2   Synthesis of RC≡Mo(OC(CF3)3)3 Complexes………………...195 
5.3    Alkyne Metathesis with N≡Mo(OR)3 Complexes Assisted by Lewis  
         Acids ……………………………………………………………………..197 
 
5.3.1   Solvent Effects in Alkyne Metathesis with N≡Mo(OR)3  
  Complexes Assisted by Lewis Acids ………………………....199 
 
5.3.2   Alkyne Metathesis with N≡Mo(OCMe3)3 Assisted by Lewis      





  5.3.3   Alkyne Metathesis with N≡Mo(OCMe2CF3)3 Assisted by  
  Lewis Acids…………………………………………………...202 
 
5.3.4   Alkyne Metathesis with N≡Mo(OCMe(CF3)2)3 Assisted by  
  Lewis Acids…………………………………………………...203 
 
5.3.5   Alkyne Metathesis with N≡Mo(OC(CF3)3)3(NCMe) Assisted 
  by Lewis Acids………………………………………………..204 
   
5.3.6   Alkyne Dependence…………………………………………...205 
 5.4    Attempted Isolation of RC≡Mo(OR)3 Complexes from N≡Mo(OR)3  
             Complexes in the Presence of Lewis Acids……………………………....207  
 
5.5    Alkyne Metathesis with Mo2(OR)6 Complexes Assisted by Lewis  
         Acids……………………………………………………………………...208 
 
 5.5.1   Alkyne Metathesis with Mo2(OCMe3)6 Assisted by Lewis  
  Acids…………………………………………………………..209  
 
5.5.2   Alkyne Metathesis with Mo2(OCMe2CF3)6 Assisted by Lewis  
  Acids…………………………………………………………..211 
 
5.5.3   Alkyne Metathesis with Mo2(OCMe(CF3)2)6 Assisted by Lewis  
  Acids…………………………………………………………..212  
 
5.6 Attempted Formation of N≡Mo(OR)3 from EtC≡Mo(OR)3……………...213 
5.7 Conclusions……………………………………………………………….213 
5.8  Experimental……………………………………………………………...214 
  5.8.1   General Procedures……………………………………………214 
  5.8.2   Materials………………………………………………………215 
  5.8.3   RC≡Mo(OR)3 Syntheses with OR=CMe(CF3)2……………….216 
  5.8.4   RC≡Mo(OR)3 Syntheses with OR=C(CF3)3…………………..218 
  5.8.5   Alkyne Metathesis Solvent Studies with N≡Mo(OR)3  
  Complexes……………………………………………………..220 
 
  5.8.6   Alkyne Metathesis Studies with N≡Mo(OCMe)3 Assisted by  




  5.8.7   Alkyne Metathesis Studies with N≡Mo(OCMe2CF3)3 Assisted  
  by Lewis Acids………………………………………………..226  
 
  5.8.8     Alkyne Metathesis Studies with N≡Mo(OCMe(CF3)2)3  
   Assisted by Lewis Acids...………………………………….....232 
 
5.8.9   Alkyne Metathesis Studies with N≡Mo(OC(CF3)3)3(NCMe)     
  Assisted by Lewis Acids………………………………………236 
  
5.8.10   Alkyne Metathesis Alkyne Dependence Studies with  
  N≡Mo(OCMe2CF3)3 Assisted by Lewis Acids………………..241 
 
5.8.11    Isolation Attempts of RC≡Mo(OR)3 Complexes from    
  N≡Mo(OCMe3)3 in the Presence of MgBr2…………………...242 
 
5.8.12   Isolation Attempts of RC≡Mo(OR)3 Complexes from    
  N≡Mo(OCMe2CF3)3 in the Presence of MgBr2……………….243 
 
5.8.13   Alkyne Metathesis Studies with Mo2(OCMe3)6 Assisted by  
  Lewis Acids…………………………………………………...244 
  5.8.14   Alkyne Metathesis Studies with Mo2(OCMe2CF3)6 Assisted  
  by Lewis Acids………………………………………………..255 
 
  5.8.15   Alkyne Metathesis Studies with Mo2(OCMe(CF3)2)6 Assisted  
  by Lewis Acids………………………………………………..260 
 
  5.8.16 Symmetrical Alkyne Formation………………………………...263 
 5.9 References………………………………………………………………...264 
 
Chapter Six:  Conclusions and Future Directions………………………………………265 
 
 6.1 Conclusions……………………………………………………………….265 
    6.1.1   Nitrile-Alkyne Cross-Metathesis……………………………...265 
    6.1.2   Reversible Formation of Mo2(OR)6 and RC≡Mo(OR)3………267 
    6.1.3   Alkyne Metathesis Assisted by Lewis Acids………………….268 
 6.2 Future Directions…………………………………………………………269 
    6.2.1   Tridentate Ligand Motif……………………………………….270 
xi 
 
    6.2.2   Mo2X6 Interactions with Alkynes and Nitriles………………..271 
    6.2.3   Lewis Acid-Assisted Nitrile Metathesis………………………272 



























 List of Figures 
Figure 
1.1 Structure of Schrock-type alkylidyne complexes………………………………....4 
1.2 Alkyne-metathesis-active species from activation of Mo(NtBuAr)3 with 
halogens…………………………………………………………………………...8  
 
1.3 Moore’s heterogeneous alkyne metathesis catalyst……………………………….9 
1.4 Plausible intermediates of alkyne metathesis……………………………………12 
1.5 Relative free energy plots of metal alkylidyne and transition states………….....15 
1.6 Electronic interactions in metalacyclobutadiene formation……………………...16 
2.1 Influence of alkoxide donating strength on relative stability of nitride and           
alkylidyne complexes………………………………………………………….....24 
 
2.2 50% thermal ellipsoid plot of 2.2-DME…………………………………………27 
2.3 50% thermal ellipsoid plot of 2.1………………………………………………...27 
2.4 Catalyst concentration optimization studies with 2.2-DME……………………..37 
2.5 Concentration optimization studies with 2.3…………………………………….38 
3.1 
19
F NMR studies of 3.1-DME and 3.2…………………………………………...77 
3.2 Catalyst numbering scheme……………………………………………………...79 
3.3 
1
H NMR studies of NACM vs ACM with 3.1-DME……………………………88 
3.4 Calculated structures and relative Gibbs energies (kcal mol
-1
) for nitride-
alkylidyne complex interconversion in a model system.  Hydrogen atoms have 




4.1 50% thermal ellipsoid plot of 4.4……………………………………………….147 
4.2 Equilibrium calculations………………………………………………………..155 
5.1 50% thermal ellipsoid plot of 5.9……………………………………………….196 
5.2 Potential binding modes of LAs with molybdenum nitride complexes………...198 
5.3 Influence of alkoxides and LAs on nitride and alkylidyne complex stability….199 
5.4 Equilibrium calculations………………………………………………………..199 
5.5 Conversion towards equilibrium: AM with 5.2 and BPh3……………………...205 
 
5.6 Conversion to equilibrium with MgI2 and 1-phenyl-1-propyne catalyzed by  
5.14……………………………………………………………………………...211 
 
6.1 Comparison of starting material distortions of tridentate and monodentate- 
nitride complexes required for NACM with examples of trianionic ligands…...271 
 
6.2 Metal nitride complex and nitrile interactions. A. NAX.  B. Monodentate  
Lewis acid interaction.  C. Two Lewis acids interacting or bidentate Lewis  


















List of Schemes 
Scheme 
1.1 General reactions for alkyne metathesis and proposed nitrile-alkyne cross- 
metathesis………………………………………………………………………….2 
 
1.2 Syntheses of Schrock-type tungsten alkylidyne complexes………………….…...5 
1.3 General synthesis of Schrock-type molybdenum alkylidyne complexes…….…...5 
1.4 Cummins’s method of synthesizing Schrock-type alkylidyne complexes…….….7 
1.5 Moore’s reductive recycle methodology for the formation of alkylidyne 
complexes................................................................................................................9 
1.6 Schrock’s synthesis of alkyl-aryloxide alkylidyne complexes…………………..10 
1.7 Accepted mechanism of alkyne metathesis………………………………….…..11 
1.8 Proposed ring expansion mechanism of alkyne polymerization……..…………..13 
1.9 Alkylidene-based alkyne polymerization…………………………………….….13 
1.10 General syntheses of tungsten nitride complexes………………………………..17 
1.11 General synthesis of molybdenum (VI) nitride complexes…………………..….17 
1.12 Mechanism of degenerate N-atom exchange………………………………….....18 
1.13 Formation of a molybdenum alkylidyne complex from a nitride complex……...19 
1.14  Known interconversions of alkylidyne and nitride complexes…………………..20 
2.1 Reversible conversion of nitride and alkylidyne moieties……………………….23 
2.2 Syntheses of tungsten nitride complexes………………………………………...26 
xv 
 
2.3  General syntheses of tungsten alkylidyne complexes……………………………29 
2.4 Synthesis of tungsten alkylidyne complexes with OR=OCMe(CF3)2………...…30 
2.5 Synthesis of tungsten alkylidyne complexes with OR=OCMe2CF3……………..31 
2.6 Reversible alkylidyne and nitride complex formation with OR=OCMe(CF3)2….32 
2.7 Reversible formation of nitride and alkylidyne complexes with  
OR=OCMe2CF3………………………………………………………………….32 
 
2.8 Isolation of the decomposition product of 2.3…………………………………...33 
2.9 Successful NACM with 2.1, 2.2-DME, and 2.3…………………………………34 
2.10 NACM test reaction with anisonitrile and 3-hexyne…………………………….35 
2.11 Reversibility studies with 2.2-DME and 2.3…………………………………….42 
2.12 NACM to afford aryl nitriles with 2.2-DME…………………………………….42 
2.13 Accounting for ArCN formation with 2.2-DME………………………………...44 
3.1 Possible cycles for symmetrical alkyne formation………………………………78 
3.2 Cycle I: NACM to produce an unsymmetrical alkyne…………………………...80 
3.3 Cycle II: NACM to produce a symmetrical alkyne……………………………...82 
3.4 Cycle III: ACM to produce a symmetrical alkyne……………………………….85 
3.5 ACM vs NACM with all possible products shown……………………………...87 
3.6 Preferred pathways for formation of symmetrical alkynes……………………....89 
3.7 Thermodynamically favored formation of a symmetrical alkyne………………..91 
3.8 Harnessing alkyne polymerization to form symmetrical alkynes………………..93 
3.9 Selective formation of symmetrical or unsymmetrical alkynes………………….94 
3.10 Preparative scale NACM reactions to afford symmetrical alkynes……………...98 
3.11 NACM to afford an isolable arylene-ethynylene macrocycle...…………………99 
3.12 NACM to afford a mixture of macrocycles…………………………………….100 
xvi 
 
4.1 Formation of 4.1 and 4.2 from N≡Mo(OR)3 complexes………………………..145 
4.2 Formation of 4.2 and 4.4 from 4.3……………………………………………...146 
4.3 Synthesis of 4.6 and 4.7 and subsequent treatment with BCl3………………….148 
4.4 Syntheses of 4.8………………………………………………………………...149 
4.5 Syntheses of Mo2(OR)6 complexes……………………………………………..150 
4.6 Synthesis of 4.12………………………………………………………………..151 
4.7 Formation of Mo2(OR)6 from alkylidyne precursors…………………………...152 
4.8 Alkyne metathesis with Mo2(OR)6……………………………………………..154 
4.9 Attempted formation of RC≡Mo(OR)3complexes from 4.11 with internal 
alkynes……………………………………………………………………….…162 
 
4.10 Known interconversions of N≡[Mo], RC≡[Mo], and [Mo]≡[Mo] species……..165 
5.1 Synthesis of 5.3 and 5.4 from N≡[Mo] precursors……………………………..192 
5.2 AM of two diarylalkynes with 5.1……………………………………………...193 
5.3 Formation of benzylidyne complexes from 5.1………………………………...195 
5.4 Formation of 5.9 from 5.2………………………………………………………195 
5.5 Formation of benzylidyne complexes from 5.2………………………………...197 
5.6 AM with 5.11…………………………………………………………………...197 
5.7 Attempted isolation of RC≡Mo(OCMe3)3 in the presence of LAs……………..207 
5.8 Attempted isolation of RC≡Mo(OCMe2CF3)3 in the presence of LAs…………208 










List of Tables 
Table 
2.1 Selected bond distances and bond angles of 2.1 and 2.2-DME.  (Complete data 
for single crystal XRD experiments can be found in Appendices 1 and 2)…...…28  
 
2.2 Solvent optimization studies with 2.2-DME………………………………….....36 
2.3 Catalyst loading studies with 2.2-DME………………………………………….39 
2.4 Temperature studies with 2.2-DME………………………………...…………...39 
2.5 Influence of 3-hexyne on NACM with 2.2-DME…………………………...…..40 
2.6 Multivariable studies of NACM with 2.2-DME………………………………....41 
2.7 NACM to afford aryl nitriles from alkyl nitriles…………………………...…....43 
2.8 Concentration studies with 2.2-DME……………………………………………61 
2.9 Concentration studies with 2.3…………………………………………………...63 
3.1a N≡[W] + EtC≡CEt → EtC≡[W] + EtC≡N………………………………………80 
3.1b N≡[W] + EtC≡CEt ← EtC≡[W] + EtC≡N………………………………………80 
3.1c N≡[W] + p-XC6H4C≡CEt → EtC≡[W] + p-XC6H4C≡N. ……………………….81 
3.1d N≡[W] + p-XC6H4C≡CEt ← EtC≡[W] + p-C6H4C≡N…………………………..82 
3.2a N≡[W] + p-XC6H4C≡CEt → p-XC6H4C≡[W] + EtC≡N………………………...83 
3.2b N≡[W] + p-XC6H4C≡CEt ← p-XC6H4C≡[W] + EtC≡N………………………...83 
3.2c N≡[W] + p-C6H4XC≡C-p-C6H4X  →  p-C6H4XC≡[W] + p-C6H4XC≡N………..84 
3.2d N≡[W] + p-XC6H4C≡C-p-C6H4X   ← p-C6H4XC≡[W] +  p-C6H4XC≡N……….84 
xviii 
 
3.3a EtC≡[W] + p-C6H4XC≡CEt → p-C6H4XC≡[W] + EtC≡CEt……………………85 
3.3b     EtC≡[W] + p-C6H4XC≡CEt ← p-C6H4XC≡[W] + EtC≡CEt……………………86 
3.3c EtC≡[W] + p-C6H4XC≡C-p-C6H4X → p-C6H4XC≡[W] + p-C6H4XC≡CEt…….86 
3.3d EtC≡[W] + p-C6H4XC≡C-p-C6H4X ← p-C6H4XC≡[W] + p-C6H4XC≡CEt…….86 
3.4 Substrate survey with 3.1-DME and 3.2…………………………………….…..95 
3.5 Catalyst deactivation (indicated by Y) modes with incompatible substrates……97 
3.6 Hammett studies data summary………………………………………………...125 
4.1 Time in h to equilibrium mixture of symmetrical and unsymmetrical alkynes in 
various solvents with Mo2(OR)6 complexes……………..……………………..155 
 
4.2 Composition of reaction mixtures from the interaction of 4.9 with alkynes at  
the time of maximum yield……………………………………..........................157 
 
4.3 Influence of DME on composition of reaction mixtures from the interaction of 
  4.9 and alkynes at maximum conversion…………………………………..…...158 
 
4.4 Composition of reaction mixtures at maximum conversion from the interaction  
of 4.10 with alkynes…………………………………………………………….160 
 
4.5 Influence of DME on composition of reaction mixtures at maximum conversion 
from the interaction of 4.10 with alkynes………………………………………161 
 
4.6 Attempted syntheses of 4.11……………………………………………………173 
5.1 Solvent studies in AM with N≡Mo(OR)3 and Ph-C≡C-R (R=Et, Me) assisted  
by LAs: Time to reaction endpoint (Q)……..…………………………………..200 
 
5.2 AM studies with 5.10 and 1-phenyl-1-propyne assisted by LAs: Time to 20% 
diphenylacetylene/80% 1-phenyl-1-propyne (Q= 0.07±0.01)………………….202 
 
5.3 AM studies with 5.11 and 1-phenyl-1-propyne assisted by LAs: Time to 20% 
diphenylacetylene/80% 1-phenyl-1-propyne (Q=0.06±0.01)…………………..203 
 
5.4 AM studies with 5.1 and 1-phenyl-1-propyne assisted by LAs: Time to 31% 
diphenylacetylene/69% 1-phenyl-1-propyne (Q=0.20±0.01)…………………..204 
 
5.5 AM studies with 5.2 and 1-phenyl-1-propyne assisted by LAs: Time to 31% 




5.6 AM alkyne dependence studies with 5.11 and Ph-C≡C-R (R=Et,Me) assisted  
by LAs…………………………………………………………………………..206 
 
5.7 AM equilibrium studies with 5.14 and 1-phenyl-1-butyne assisted by LAs:  
Time to 33% diphenylacetylene/67% 1-phenyl-1-butyne (Q = 0.22±0.03)……210 
 
5.8 AM equilibrium studies with 5.14 and 1-phenyl-1-propyne assisted by LAs:  
Time to 31% diphenylacetylene/69% 1-phenyl-1-propyne (Q = 0.20)………...211 
 
5.9 AM equilibrium studies with 5.15 and 1-phenyl-1-propyne assisted by LAs:  
Time to 31% diphenylacetylene/69% 1-phenyl-1-propyne (Q=0.20)………….212 
 
5.10 AM equilibrium studies with 5.7 and 1-phenyl-1-propyne assisted by LAs:  












   














List of Appendices 
Appendix 
1  Crystallographic Data for N≡W(OCMe(CF3)2)3(DME)……………………………..274 
2  Crystallographic Data for [N≡W(OCMe(CF3)2)4][Li(DME)2]……………………....288 
3  Crystallographic Data for [EtC≡W(OCMe2CF3)3]2[
DME]…………………325 





















List of Abbreviations 
 
ACM  alkyne cross-metathesis 
AM  alkyne-metathesis 
Anal  elemental analysis 
Ar  aryl 
asym  asymmetrical 
br  broad 
C6D6  benzene-d6 
Calcd  calculated 
CD2Cl2 dichloromethane-d2 
CDCl3  chloroform-d 
cm
-1
  wavenumber 
d  day(s), doublet 
DCE  1,2-dichloroethane 
DFT  density functional theory 
DME  1,2-dimethoxyethane 
EI MS  electron impact mass spectrometry 
Et  ethyl 
EtCN  propionitrile 
xxii 
 
Et2O  diethyl ether 
equiv  equivalent(s) 
g  grams 
GC/MS gas chromatography mass spectrometry 
GOF  goodness of fit 
1
H  proton 
h  hour(s) 
Hz  hertz 
HOMO highest occupied molecular orbital 
HOTF  trifluoromethanesulfonic acid 
kcal  kilocalorie(s) 
Keq  equilibrium constant 
LA  Lewis acid 
LAs  Lewis acids  
LUMO lowest unoccupied molecular orbital 
m  multiplet 
M  molar 
Me  methyl 
MeCN  acetonitrile 
mg  milligrams 
min  minute(s) 
mL  milliliters 
mol  moles 
xxiii 
 
mM  millimolar 
mmol  millimoles 
NACM nitrile-alkyne cross metathesis 
NAX  nitrogen atom exchange 
NCAr  aryl nitrile 
NM  nitrile metathesis 
NMR  nuclear magnetic resonance 
ORTEP oak ridge thermal ellipsoid plot 
q  quartet 
Q  reaction endpoint 
Ph  phenyl 
POSS  polyhedral oligomeric silsesquioxane 
ppm  parts per million 
s  singlet 
sym  symmetrical 
t  triplet 
t
Bu  CMe3 
THF  tetrahydrofuran 
TS  transition state 
XRD   x-ray diffraction 
°C  degrees Celsius 
Å  angstroms 
δ  chemical shift in ppm downfield from zero 
xxiv 
 
μL  microliter(s) 
≡  triple bond  
 
